We have investigated the influence of diabetes mellitus including the presence of late complications on the pulmonary system. To check this relationship 31 Type 1 (insulin-dependent) diabetic patients (mean age 30.6 + 5.32 years, mean duration of diabetes 12.9 + 5.05 years) were admitted into the trial and compared with 18 control subjects. Pulmonary function tests were measured including spirometric parameters, diffusing capacity, specific diffusing capacity and dynamic compliance measured at 20 and 60 breaths per min. No disturbance of the spirometric parameters was observed in the diabetic patients. Diffusing capacity in the diabetic patients with complications was significantly lower than in both the diabetic patients without complications and the control group (81.2+ 16.2%, 104+ 13.7 %, 99.3 + 2.8 %; p < 0.001, p < 0.005 respectively). Specific diffusing capacity was significantly lower in the diabetic patients than in the control subjects (80.3+13.1% vs 89.4 + 12.9 %; p < 0.05). In the group with late complications specific diffusing capacity was lower than in the group without complications (69.7 + 9.17 %; 87.2 + 10.7 %, respectively; p < 0.001). Dynamic compliance at 20 breaths per min in diabetic patients was 84.06 + 17.08 % vs 95.2 + 11.59 % in the control subjects (p < 0.05). It was particularly low in the group with late complications 80.6 + 13.2 % and patients with metabolic poor control, 80.3 + 12.02 % (bothp < 0.005 vs the control group). Dynamic compliance at 60 breaths per rain was 60.1 + 15.0 % as compared to 83.2 + 13.3 % in the control group (p < 0.001). We conclude that the disturbances of dynamic compliance may be due to the local mosaic abnormalities of lung elasticity, caused by the non-enzymatic glycation of protein. Disturbances in diffusion in diabetic patients confirm the presence of microangiopathy in pulmonary vessels.
Insulin as treatment for diabetes mellitus has given patients an extended and increased quality of life. However, it does not prevent the occurrence of late complications such as micro-and macroangiopathy or diabetic neuropathy. In studies to date the influence of diabetes on the pulmonary system has not been definitely determined. Previous studies have been performed on only a small number of patients [1, 2] or did not exclude subjects suffering from other diseases which could affect the pulmonary system [3, 4] . A dense network of capillary vessels in the lungs may change in formation during the course of microangiopathy. The connective tissue structure of alveoli may be subjected to non-enzymatic glycation of proteins which may, in turn affect its function.
The aim of this study was to assess the influence of diabetes upon the pulmonary system. Anatomical changes in lungs, even these early changes, can modify pulmonary function. Therefore we applied pulmonary function tests which allow a precise analysis of the status of the pulmonary system to be made. In addition, we examined the influence of metabolic control as well as late diabetic complications on pulmonary system function.
Subjects and methods
The study consisted of 31 Type 1 diabetic patients (17 men and 17 women) who were never smokers from the Out-patient Clinic for Diabetic Patients in Zabrze. Patients suffering from diseases associated with cardio-pulmonary system malfunction were excluded. The control group consisted of 18 healthy volunteers (nine men and nine women) who were never smokers matched for height, weight, age and sex (Table 1) . Diabetic patients in the study were then grouped according to the following entry criteria 1. Clinical manifestation of late complications. The presence of retinopathy (as determined by ophthalmoscope examination), nephropathy (defined as microalbuminuria greater than 80 gg/ml detected by the Micro-Bumintest, Ames-Miles Division, Elkhart, Ind., USA, serum creatinine level above 130 gmol/1 or both) or diabetic neuropathy (diagnosed by clinical examination) were determined. These patients were placed into the subgroup of 12 subjects (six men and six women) with Non-diabetic reference ranges: HbA1 < 8 %; fructosamine < 289 gmol/l [5, 6] when compared with life duration of structural proteins in the pulmonary system. Therefore, data of HbA1 and fructosamine were treated as supplementary. Twenty-two patients (11 men and 11 women) were assigned to the subgroup with good metabolic control which was defined as both fasting glycaemia below 7.77 mmol/1 and lack of glycosuria in 24-h urine collections measured during routine visits every 3 months at the clinic over the past 2.5 years. The remaining nine subjects (six men and three women) with higher fasting glycaemia levels and glycosuria were placed into the group with poor metabolic control.
MeNo~
The pulmonary function tests comprised the following measurements: -spirometric and flow-volume curve parameters:forced vital capacity (FVC), forced expiratory flow in i s (FEV1), peak expiratory flow (PEF), forced expiratory flow when 50 % or 25 % of the forced vital capacity has been exhaled (FEFs0 and FEF25, respectively), forced mild expiratory flow FEF~_75 -diffusing capacity for carbon monoxide using single breathholding method (D1COsB) [7] and specific diffusing capacity in relation to alveolar volume (D/VA). D1COsB was corrected for haemoglobin level.
-total lung capacity (TLC) using the single breath helium dilution method was performed in conjunction with the determination of the transfer factor of the lung for carbon monoxide.
-dynamic compliance using the electrical subtraction method [8] .
Oesophageal pressure was determined according to the technique of Milic-Emili et al. [9] . An oesophageal balloon inserted approximately 40 cm from the nares was connected by Jaeger polyethylene catheter to one chamber of a pressure transductor. The other chamber was connected to the mouthpiece. Volumes were measured by integrating the flow recorded using a pneumotachograph Transferscreen II (Jaeger, Wtirzburg, FRG). Pressure-volume data were recorded on an oscilloscope producing transoesophageal pressurepulmonary volume seen loop. The slope of the loop (Zxvolume/A pressure) was dynamic compliance (mean value from at least five repeated measurements was accepted). Dynamic compliance was determined at 20 (Cdyn20) and 60 (Cdyn60) breaths per min at a constant tidal volume. Results of spirometry, flow-volume curve and diffusing capacity parameters were expressed as a percentage of predicted value according to Societas Europea Physiologie Clinicea Respiratoriae (SEPCR) guidelines [10] and Cdyn according to Begin et al. [11] .
Statistical analysis
Statistical analysis was performed using Student's t-test and correlation parameters. Differences at less than the 5 % level were accepted as significant.
Results
No disturbances in spirometric parameters were observed in any of the diabetic patients studied. All of these parameters were within the normal range and were not significantly different when compared to the control group (Table 2) . Diffusing capacity as measured by D1COsB was significantly lower in the subgroup with complications when compared to both the subgroup without complications (p < 0.001) and the control group (p < 0.005). D/VA in diabetic patients was significantly lower when compared to the control group (p < 0.05). In the subgroup with late complications D/VA was significantly lower than in both the control group and subgroup without complications (p < 0.001 respectively). Cdyn20 was significantly lower in the diabetic patients than in the control group (p < 0.05). It was significantly lower in the subgroup with complications and patients with poor metabolic control as compared with the control subjects (p < 0.005). The mean value of Cdyn60 was significantly lower in all diabetic subgroups than in the control group (all p < 0.001) as shown in Table 3 . No significant correlations between age, duration of diabetes and pulmonary parameters were found.
Discussion
In the selected group of 31 young diabetic patients we did not find spirometric disturbances. Lange et al. [3] in 265 non-selected diabetic patients had demonstrated that diabetes may be associated with reduced values of FEV1 and FVC. Results of investigations using similarly pre-selected groups of patients as performed by Sandler et al. [4, 12] and Schernthaner et al. [13] confirm our observations. However, Schulyer et al. [2] and Schnapf et al. [1] as well as Cooper et al. [14] observed a decrease of TLC in diabetic patients. In their opinion lower values of TLC may be associated with the damage to collagen and elastin fibres caused by the non-enzymatic glycation of proteins. However, a limited joint mobility co-existed in patients examined by Schnapf et al. [1] .
In our study disturbances of gas transfer expressed by significant decrease of D1COsB and D/VA were found. As opposed to Sandler et al. [4, 12] we found diminished D1COsB and D/VA only in the group with late diabetic complications. Similar results were reported by Weir et al. [15] . According to Sandler et al. [12] diffusing disorders in diabetic patients were due to a diminished capillary blood volume component affecting diffusing capacity. Several reports on experimentally-induced diabetic animals have shown histopathological pulmonary changes including both typical microangiopathy in pulmonary vessels and thickening of alveolar membranes [16, 17] . Membrane and capillary blood volume components of diffusion were not assessed in our study. Cooper et al. [14] and Schulyer et al. [2] did not observe diffusion abnormalities in a group of patients similar to ours. In a previous study performed by us in a carefully selected group of 12 diabetic patients without complications we did not find diffusion capacity abnormalities [18] .
We found reduced values of Cdyn20 and Cdyn60 particularly in the subgroup with complications and the poor metabolic control group. In our opinion our findings are not in direct opposition to those of Sandler et al. [4, 12] and Schulyer et al. [2] who found reduced elastic recoil in diabetic patients. These authors as well as Schernthaner et al. [13] , who found normal elastic recoil, did not estimate the dynamic compliance but they measured static compliance and transpulmonary pressure. The dynamic compliance is estimated during the air flow through the airways, so the Cdyn value may depend on irregular ventilation of so called "slow" alveoli (which have wide bronchioles and compliant wall) and "fast" alveoli (which have wide bronchioles and stiff wall) [8] . Therefore pressure-volume curves constructed during breathing, especially at a rapid rate, yield values for dynamic compliance that are much lower than those obtained under static conditions. However, frequencydependent compliance can be used as a test of small-airway dysfunction [19, 20] , and our results may indicate local mosaic abnormalities of lung elastic recoil rather than disturbances of air flow in small airways. Flow-volume curve parameters FEF25, FEFs0 were normal in our patients. Hamlin et al. [21] considered the glycation effect of collagen as one of the key factors of alterations of connective tissue which may explain the change of elastic properties of the lungs. Our results may indicate that changes in elastic properties may precede abnormalities in gas transfer.
Lack of correlation between age, duration of diabetes mellitus and results of pulmonary function tests may indicate that the observed changes in pulmonary function are connected with metabolic status and the presence of diabetic complications.
